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Why do we care about ionization models in warm dense matter?

= lonization is a fundamental parameter in plasma physics
— Plays an important role in equation of state, opacity, transport properties, heat capacity, ...
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Improved measurements of warm dense matter conditions are
needed to adequately benchmark theoretical models

Measured carbon ionization in CH plasmas

disagrees with modeling

OPAL calculations
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The Gbar platform at NIF uses spherically convergent shock
waves to probe extreme states of matter

= Density profiles from streaked radiography

inelastic elastic x-ray scattering & x-ray self-emission
scattering  scattering

= Plasma conditions from x-ray Thomson ‘e
scattering (XRTS) \‘ Au shield
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The Gbar platform at NIF uses spherically convergent shock
waves to probe extreme states of matter

Absolute Hugoniot measurements using
streaked x-ray radiography

Demonstrated x-ray Thomson scattering (XRTS)
spectra measurements at NIF
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X-ray Thomson scattering (XRTS) is a powerful tool to probe
dense plasmas

= Elastic peak strength depends on

lon (Rayleigh) feature ” number of tightly bound electrons
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X-ray Thomson scattering (XRTS) is particularly sensitive
to carbon K-shell ionization in this regime

= Electron temperature and density from inelastic scattering

= Carbon ionization state from the inelastic/elastic peak ratio
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Modeling XRTS spectra from imploding spheres requires
accurate hydrodynamic and x-ray opacity modeling

Post-shot simulations of radial profiles of

plasma parameters of solid sphere implosion

40 T T

inward moving material
core

inward moving material
100 |- core

inward moving material

N dense
| core

0 200 400

radius [pm]

D. Kraus et al., Phys. Rev. E 94, 11202 (2016)

1000

y [um]

-1000

Scattering intensity calculations
from imploding sphere

1000

800

600

400

200

-200

-400

-600

x-rays from
Zn backlighter

-800

-1000 -500 0 500

—_—
towards

spectrometer

1000

Scattering weight

(arb units)

Lawrence Livermore National Laboratory
LLNL-PRES-804278

NS5

National Nuclear Security Administration

8



X-ray scattering calculations are sensitive to opacity models

when probing a large distribution of states

Carbon opacity dominated by K shell
for photon energies above 300 eV

Cold x-ray opacities

Linear opacity model
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We are developing the Colliding Planar Shocks (CPS) platform to
make high-precision equation of state measurements at the NIF

— Two indirectly-driven planar shocks driven by the NIF
— Plasma conditions probed using x-ray radiography and XRTS

Drive beams (outer quads)

RAGE simulations (Carlos Di Stefano, LANL)
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We are developing the Colliding Planar Shocks (CPS) platform to
make high-precision equation of state measurements at the NIF

— Two indirectly-driven planar shocks driven by the NIF
— Plasma conditions probed using x-ray radiography and XRTS

XRTS at 113° RAGE simulations (Carlos Di Stefano, LANL)
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The CPS platform produces a large volume of warm dense matter
with minimal spatial gradients
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We recorded high quality x-ray radiography data on our first shot
Shock speed was slower than expected
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We observed the colliding planar shocks on our second shot
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We recorded excellent radiography data on our first shot day
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Initial shock timing results will be used to improve RAGE
simulations for the next shot day (May 2020)
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Background scattering from the hohlraum walls reduced the
quality of the XRTS data
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We obtained high-quality XRTS measurements on the
first shot day
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We are developing the Colliding Planar Shocks platform to make
high-precision EOS measurements of warm dense matter

= We obtained excellent radiography on our first shot day (Sept 2019)
= We will improve our XRTS measurements and make measurements of solid CH (May 2020)

= We were awarded one shot day in FY21 to measure higher temperatures using CH foam

X-ray radiography data (2 of 8 images obtained)

X-ray Thomson scattering (XRTS) data
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We were awarded one shot day to investigate carbon K-shell
ionization in CH foams at various initial densities

= We need higher temperatures to investigate K-shell ionization of carbon in CH plasmas
— Current CPS experiments compress solid CH, reaching T, = 15-35 eV
— By compressing CH foams at various densities, we can reach T, = 35-100 eV
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Thank you to the Target Fabrication and NIF operations teams
for making these experiments possible!

= NIF Target Fabrication
— Rick Heredia, Scott Vonhof, Jean Jensen, Abbas Nikroo
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= NIF Operations and Support

= NIF Discovery Science
— Bruce Remington, Dan Kalantar, Rich Zacharias
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